I. INTRODUCTION
The early development of plasma physics, or more narrowly discharge physics, is intimately related to the development of suitable sources of electrical energy. As it will become obvious, each major advancement of generation and storage of electrical energy enabled the discovery of new phenomena, though, there was usually a large gap between initial observation and understanding.
It can be assumed that discharges due the frictional charge-up have been observed by the Greek philosophers. This knowledge was re-discovered and greatly expanded in the 17 th and 18 th century. The development of electricity has been the subject of numerous historical studies (e.g., [1] [2] [3] [4] [5] [6] [7] [8] ) and therefore there is no need to repeat the findings of these studies here. Instead, the historical work can be used to illuminate the development from a different perspective, namely, the discovery, development, understanding, control, and application of discharge plasmas. To add personal flavor and to narrow the subject, I chose to especially focus on arc plasmas at the beginning of the modern scientific area, and especially on cold-cathode (cathodic) arcs. Arcs can be produced in a pulsed or continuous mode. Because there have been two distinct developments of electrical energy sources, the capacitor and the electrochemical battery, the distinction of pulsed and oscillating and continuous arc discharges appeared quite natural.
II. THE STARTING POINT: A MODERN VIEW ON ARC DISCHARGES
The arc discharge can be defined as an electrical discharge of relatively high current at relatively low burning voltage characterized by a collective mechanism of electron emission from the cathode. The qualification "relatively" has to be understood with respect to other forms of electrical discharges. For orientation one may say that the current is generally greater than 1 Ampere and the burning voltage is less than 100 Volt. The crucial "ingredient" to the definition is the "collective mechanism" of electron emission, as opposed to individual mechanisms. Individual mechanisms are photo emission and secondary electron 2 emission by particle (ion, atom, electron) impact. Collective electron emission includes thermionic emission, field emission, thermo-field emission, and explosive emission. While individual mechanisms are based on highly localized disturbance of the potential barrier, collective mechanisms are based on globally effecting the whole electron distribution function (heat) and potential barrier (electric field).
The fact that several mechanisms could lead to collective electron emission leads to the existence of several modes of cathode operation. For example, arc discharges on cathodes that are globally cold (i.e.
near room temperature), are characterized by non-stationary cathode spots. Cathodes spots are locations of greatly enhanced local power density, enabling operation of the arc through sufficient emission of electrons and cathode material, i.e. production of charge carriers securing current between electrodes. The initially solid cathode material is transformed into the plasma state; this mode of operation is known as the cathodic arc mode. The cathodic arc mode occurs at any gas pressure but has been extensively studied in vacuum,
where is it also known as the vacuum arc mode. The high power density at cathode spots leads to melting of the zone between dense plasma and solid cathode, and the formation of microscopic "droplets" or "macroparticles" is characteristic for this mode.
If the cathode becomes sufficiently hot, it can deliver electrons needed for the discharge via thermionic emission, and the cathode switches into the thermionic mode. This mode is characterized by a more-or-less stable and stationary broad cathode spot or hot zone of much lower current density than the current density of the non-stationary cathodic arc mode.
Regardless of the arc mode, a plasma is formed between anode and cathode, consisting of electrons and ions of the background gas and electrode material. In case of a cathodic arc, most ions originate from the cathode material. In some special cases, the anode can be very hot and evaporates, most ions may originate from the anode material (anodic arcs).
Arc discharges can be made in short or long pulses, or operated continuously (DC) if the arc power supply has the capability of supplying high current at voltages exceeding the arc burning voltage. At the initial, transient phase of an arc discharge, the voltage between the electrodes is much higher than the voltage at later times or at steady-state conditions. This very early phase is the spark phase of the arc discharge ( Fig. 1 ). For very short electrode distances (less than 1 mm), the spark phase can be as short as a few nanoseconds; its duration is determined by the time the electrode material needs to bridge the gap 3 distance [9] . For large gap distances, the duration of the transient spark phase depends on the electrical circuit, pressure, and other parameters, and it can be as long as some 10 µs.
With this background knowledge we may now go back more than two hundred years and try to track down the origin of arc plasma science.
III. DISCHARGES BASED ON FRICTIONAL ELECTRICITY
One could go straight to the time of the first capacitors and describe discharge plasmas but the development appears much more logical when put in the context of many steps of development preceding "true" arc discharges.
In practically all histories of electricity, the modern area is generally considered to have emerged with a book publication [10] by William Gilbert (1544 -1603 in the year 1600, in which Gilbert summarized the knowledge about electricity and magnetism of his time. Usually, Otto von Guericke's (1602-1686), mayor of Magdeburg in Germany, is mentioned as the next important experimenter in static and friction-induced electricity. Guericke is best known for his 1650 invention of the vacuum pump and his famous half-sphere experiments. He was also the inventor of the first static electric machine, the earliest record goes back to 1663. He found that a sulfur globe "the size of a child's head" is charged by turning it and rubbing it with a dry hand. The charged globe first attracted, and after contact repelled, light objects such as feathers. It is said in some sources of literature that the sphere was able to generate sparks but Guericke did not describe his experiments in electrical terms. In fact, Guericke seemed to have not recognized the electric nature of his experiments (p.xvi, [11] ).
In 1675, the French astronomer Jean Picard (1620-1682) studied air pressure at different elevations using a mercury barometer, which was invented by Evangelista Torricelli (1608-1647) of Italy in 1643. When it was dark Picard noticed a glow in the "empty" glass tube above the mercury column, which was strongest when the mercury was moving up and down in the tube. lightning." [13] In the desire to increase the effects of electricity, a number of improvements to frictional machines were made. For example, in 1734, Johann Heinrich Winckler (1703-1770), a professor of languages at the university in Leipzig, Germany, installed a cushion in his frictional machine and increased the rotational speed of the glass globe to 680 turns per minute (p.89 [1] ). Many more details about frictional machines can be found in the literature [14] . Despite these efforts, the amount of charge available for experiments was limited, and the effects were modest until storage of charge in a capacitor was invented.
IV. THE CAPACITOR AS AN ENERGY SOURCE FOR SPARKS AND PULSED ARC DISCHARGES
A seminal event in the early history of discharges was the invention of the capacitor. A detailed account of the history is far beyond the scope here, but a summary could read as follows. )." [14] .
Quickly after the discovery of the charge storage capabilities of the Leyden jar, it was recognized that capacity increases with larger area and thinner glass wall. 
"The quantity of electricity necessary to burst the phial, appears to vary more in proportion to its thickness than its size; many phils of various sizes may be broken at 10 of the electrometer, while others, nearly of thr same size, remain sound, with a stroke at 30, or even more. I generally found green glass more difficult to break than white." [20]
A breakdown field strength of 10-20 kV/mm may be a good estimate, leading to 20-60 kV as the maximum charging voltage of early Leyden jars.
Shortly after the discovery of the Leyden jar, many electricians used the discovery to perform experiments on humans, animals, and the nature of electricity itself. Among them, besides The formation of circles of craters may be associated with damped oscillations of the electrical circuit. Figure 6 shows similar "cavities, resembling those on the moon," which are images of erosion craters of cathodic arcs taken by a modern scanning electron microscope. Priestley even found that the size of erosion craters depend on the electrode material: Today we know that a higher discharge current causes the number of arc spots operating simultaneously to increase rather than a change in the character of individual spots. The number of spots, or the current per spot, also depends on the material and its surface conditions. He investigated the nature of the black dust from brass in another contribution [28] . He discharged a bank of parallel capacitors, a "battery of thirty-two square feet," through a brass chain. 
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A grain is the smallest unit of the English weight system, equal to 65 mg. One could make a quick estimate about the erosion. From Fig. 4 of Plate I we know that his chain had about 24 links. In the average, each link lost about 1.35 mg. Assuming a typical erosion rate of 100 µg/As, the total charge that caused the erosion per link was about 13.5 As. That could be compared to the charge stored in the capacitor. The
Leyden jar battery had a total area of 32 ft 2 = 2.97 m 2 . Priestley did not bother to give the glass thickness (although he earlier quoted Watson saying that "the experiment succeeded best when the phial…was of the thinnest glass" [1] p.111). If we assume again a typical thickness of 1-2 mm, the capacity was 50-100 nF, much too small to store the above-estimated charge at a reasonable voltage. The solution may be related to the oscillating nature of the discharge current. The inductance of the circuit and the capacitance of the Leyden jars formed an LC-oscillator, and the charge stored in the Leyden jars passed through the contacts many times, eroding material from both sides of the link contacts with every oscillation until energy dissipation stopped the oscillation.
Since the discharge occurred in air, metal ions upon condensation on a surface, as well as the hot macroparticles, must have reacted readily with the oxygen and formed an oxide. Cathodic arc deposition can be used to deposit oxides such as black copper oxide [29] , and it is safe to assume that the "black dust" from brass contained this oxide. Priestley's description agrees with this supposition: The limitation of energy storage in batteries of Leyden jars allowed only pulsed and oscillating discharges to exist -no continuous discharge was yet possible. Therefore, cathodes could not heat up to operate in the thermionic mode, and early discharges utilize electrode emission mechanisms characteristic for globally cold cathodes. As a consequence, these discharges show characteristics today associated with cathodic arc discharges: explosive emission processes, formation of erosion craters, macroparticles, and well-adhering coatings on surfaces placed in the plasma stream.
Because Priestley's "original experiments" were included in his widely distributed History, electricians of the 18 th century were well aware of them, however, no practical application could be derived at that time. His observations remained a laboratory curiosity, and they were largely forgotten when cathodic arc research was revived in the 1880s by the work of Thomas Alva Edison.
I would like to conclude Part I of this publication with a final quote: 
